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THE EFFECT OF JET AIRCRAFT ON AIRPORT PAVEMENTS: 
INVESTIGATIONS CONDUCTED BY THE CORPS OF ENGINEERS 


Gayle McFadden,’ M. ASCE 


Jet aircraft have now been in use sufficiently long to enable us to analyze 
their effect on airfield pavement and predict with reasonable assurance the 
behavior of the pavements under their use. It should be noted, however, that 
with a change in jet aircraft characteristics, a change in pavement behavior 
can be expected. 

The effect of jet aircraft on airport pavements may be divided into two 
broad categories, (1) the effect of heat and blast, and (2) the eftect of fuel 
spillage on the pavements. 

It is the first category that probably causes the most discussion. This is 
undoubtedly because the degree of heat to which the pavement is subjected is 
in direct relation to the characteristics of the aircraft. It has been found from 
a study of the various aircraft in use that these characteristics vary with the 
using service to an appreciable extent. The mounting of propulsion units on 
jet aircraft follows no specific pattern with respect to inclination and height 
above the pavement since these factors are dependent on the type and size of 
the aircraft. Consequently, the distance from exhaust nozzle of the propulsion 
unit to the area of exhaust impingement on pavements will vary considerably. 
Therefore, pavement surface temperatures induced by the same type of pro- 
pulsion units will also vary over a wide range. 

The content of this discussion will deal with the effect on the pavement of 
only those aircraft for which we are called upon to design pavements at the 
time of this writing. 

We find that there is no serious damage to either portland cement concrete 
or bituminous type pavements from heat and blast under normal operating 
conditions of these aircraft. This will be amplified later. There is no question 
that jet aircraft with characteristics different from these may be harmful to 
the pavements. 

The second category, the effect of fuel spillage, causes only slightly less 
discussion. However, this again is dependent on the characteristics inherent 
in the design of the jet motor which controls the amount of normal spillage. 

In discussing the effect of fuel spillage, we must also emphasize normal 
operating conditions. Under these conditions we do not find any significant 
damage to either the joint sealing materials in concrete pavements or to the 
surface of bituminous pavements. This will also be discussed in detail later. 

In order to assure ourselves beyond any reasonable doubt as to the damage 
that might occur to pavements from the heat and blast of jet engine exhausts, 
we initiated, in collaboration with the United States Air Force, a comprehen- 
sive study of this subject in the iatter part of 1951. ihis study has been pre- 
viously reported? in considerable detail and will only be summarized here. 


i. Chief, Airfields Branch, Engineering Division (Mil Constr), Office of the 
Chief of Engineers, Department of the Army. 
2. “The Corps of Engineers Approach to Pavements for Jets - Part I” by 
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This project was a portion of long range, over-all “Study of Effect of 
Current-Type Jet Aircraft on Airfield Pavements” and covered the phase of 
“Heat and Blast Effects on Pavements.” The testing was predicated on sim- 
ulating normal jet blast operation of each current-type jet aircraft being 
used by the U.S. Air Force. Eight types of jet aircraft were used. Only the 
latest models of each were used in the test. To insure that normal operating 
conditions would be simulated, a time-movement study was initiated. A re- 
presentative number of Air Force bases, occupied by jet aircraft, were 
visited by a team of observers composed of personnel of the U.S. Air Force 
and the Army’s Corps of Engineers. These observers clocked the travel of 
the airplanes through the entire range of movement from the parking position 
through the take-off. The pilots of the planes were not informed that the 
obseryations were being made. 

The time-movement studies showed that jet operations for all types of 
planes could be subdivided into the following groups: (1) a starting operation 
on the apron, (2) taxiing to the end of the runway, (3) pretake-off check at the 
end of the runway, (4) take-off, (5) landing and taxiing to parking place, and 
(6) maintenance run-up on the apron. Only the starting operations on the 
apron, the pretake-off check at the end of the runway and the maintenance run- 
up are critical from the standpoint of heat and blast because the airplanes 
are moving in the other operations and temperatures do not build up in the 
pavement, From an analysis of the data, normal time periods for the starting 
and pretake-off checks were selected. These normal times were approximate- 
ly equal for single-, twin-, and four-engined planes. Therefore, single normal 
testing times could be established for each of the three types of planes. The 
times clocked for maintenance run-ups ranged from about 7 to 36 minutes and 
followed no consistent pattern for the different air bases or planes. Since 
80 per cent of the observations indicated less than 14 minutes duration, this 
was assigned as the normal test time for simulating maintenance run-up. 

In addition to the normal time, test times were assigned for 50 per cent shorter 
and 50 per cent longer than normal times. The time-movement studies also 
yielded information on the percentage of power at which the engines were 
operating in each position. From these observations, a time schedule for the 
testing was established and is shown in the following table: 

The testing was accomplished on twenty-four specially constructed test 
panels. Twelve panels were of portland cement concrete and twelve of asphaltic 
concrete, They were constructed under carefully controlled conditions and 
followed closely the specifications of the Corps of Engineers for high quality 
pavements for current type aircraft usage. The purpose of the tests was to 
(1) obtain temperature data in pavements subjected to jet blast, and (2) ob- 
serve the effect of the blast, if any, on the pavements. Thermocouples were 
installed in the panels in the form of across, They were placed at three 
elevations in each panel. Twenty-nine were on the surface of the pavement, 
eight were at 1-inch depth, and one was 2} inches below the surface. 

The jet aircraft were positioned so that the point of maximum heat would 
occur near the cross of the thermocouple pattern and were operated in accord- 
ance with the selected time-power schedule. The temperatures produced in 


Footnote 2 Cont. 
Charles R. Foster, Flexible Pavement Laboratory, Corps of Engineers, 


published in Proceedings of the “Symposium on Airfield Pavements for 
Jet Aircraft,” sponsored by U.S. Naval Civil Engineering, Research and 
Evaluation Laboratory, Fort Hueneme, California, April 17 and 18, 1952. 
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the pavements were recorded with automatic recorders. Measurements 
were recorded at sufficiently frequent intervals to show the rate of temper- 
ature rise. 


fhe results of these tests may be generally summarized as follows: 


1. Maintenance run-ups, as might be expected since they involved the 
the maximum exposure, developed the highest temperatures in the pavements. 


2. Temperatures deveioped in pretake-off run-ups were comparatively 
low, and those of starting run-ups were less than pretake-off. 


3. The maximum temperature developed in the pavement by a fighter- 
type plane was 248 degrees F and this was during a maintenance run-up 
at 50 per cent greater than normal time, which involved a 21-minute ex- 
posure, part of which was at 100 per cent power. 


4. The maximum temperature in the pavement produced by a bomber- 
type plane was 385 degrees F. This was also during maintenance run- 
up at plus 50 per cent normal time. It has been reported that this particular 
type plane is now obsolete. 


5. Only minor damage of asphaltic concrete pavements occurred from 
jet blast when the temperature reached 300 degrees F. At lower tempera- 
tures there was no damage. 


6. No rutting or detrimental behavior occurred whan a plane equipped 
with 200 psi tires was towed across the asphaltic concrete pavement at 
temperatures up to 340 degrees F. 


7. Temperatures in portland cement concrete were generally 30 to 70 
degrees F less than in asphaltic concrete. 


8. Portland cement concrete pavements were not affected by the heat 
and blast although the joint seals were melted slightly in some instances 
and blown in the direction of the blast as much as 5 or more inches. 


In discussing the effect of the spillage of jet fuel on airfield pavements, it 
can be said that except in the joint sealing material we have not found any 
deleterious results of fuel spillage on portland cement concrete pavements. 
This phase of the discussion can therefore be devoted to the effect on asphaltic 
pavements. 

We would find ourselves in a completely untenable position should we state 
that airplane fuel does not have a dissolving effect on asphalt. Having origi- 
nated from the same parent stock, they have a natural affinity for each other. 
However, asphalt by itself does not constitute an asphaltic concrete pavement. 
Nor do all so-called asphaltic concrete pavements prove acceptable as jet 
fuel resistant structures. 

It might be well at this point to emphasize that there are only two basic 
materials in common usage today for the manufacture of pavements. These 
are cements, including portland, natural, slag, etc., and bituminous materials, 
including asphalt, tar, etc. Engineering has not only structural but economic 
responsibility. Therefore, every effort should be made, both from an engineer- 
ing and operational standpoint, to utilize available materials to the maximum 
extent. It is with this principle in mind that we have made exhaustive inves- 
tigations in an endeavor to maintain a competitive field in pavement construc- 
tion. 


- 
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The effect of the spillage of airplane fuel on asphaltic pavements is a 
temporary softening of the surface. The depth to which this softening occurs 
is a function of the pavement structure. The length of time the softening 
remains is a function of the volatility of the fuel and the ambient temperature. 
If left alone, pavements softened by fuel spillage will usually return to normal 
hardness after the spilled fuel has evaporated. Pavements which are designed 
and constructed to produce a dense structure, with a minimum of voids con- 
sistent with pavement performance, will resist the infiltration of the fuel with 
resultant minimizing of the depth of softening. Pavements designed and con- 
structed with a smooth closed-textured surface will tend to disperse any 
spilled fuel rather than pocket it in surface voids and thereby accelerate 
evaporation and reduce the chance of softening. Highly volatile fuels evaporate 
faster and thereby permit the pavement to return to its original hardness 
sooner than with the less volatile fuels. These conclusions are the result of 
the inspection of hundreds of pavements either reported or suspected of 
deterioration caused by the spillage of airplane fuel. The result of these 
inspections has definitely shown that for the majority of the cases the reported 
damage has been relatively minor in character and in extent. Where the damage 
was reported as resulting from heat and blast, it was found that in most in- 
stances the pavement had been given a thin surface treatment or seal coat 
which had been entirely charred or had been melted and blown off. In the 
case of damage reported from fuel spillage, the effect generally was an area 
of small extent where continual dripping has softened the asphalt binder mate- 
rial and in some instances had stripped the aggregate of the binding agent. In 
either case, the area and extent of damage could generally have been considered 
in the category of normal maintenance and repaired at nominal cost. 

To sum up our laboratory and field investigations, it may be stated that: 


1. A well designed and well constructed asphaltic concrete pavement, 
conforming to current criteria of the Corps of Engineers, shows little or 
no distress under the normal operation of airplanes over areas subjected 
to spillage of fuel normal to the operation of the aircraft. 


2. Conversely, a poorly designed and poorly constructed asphaltic 
concrete pavement shows appreciable damage. 


3. Old dense-graded hot-mix asphaltic concrete pavements are more 
resistant to the effect of spilled jet fuel than are newly constructed pavements 
of like quality. This is probably due to oxidation of the surface, thereby 
reducing the volatile fraction at the surface to the extent that the in-place 
asphalt would not mix with the spilled fuel as readily as on a new pavement. 
Other factors are the smoothing action of the traffic and to the accumulated 
traffic film which fills the surface voids and causes the fuel to disperse 
instead of pocketing and retarding evaporation. 


4. Thin surface treatments have not been found to be satisfactory for 
sealing porous pavements against fue! spillage and infiltration. To date 
no surface treatment has yet been found that could be considered a solution 
to the problem. This type of treatment is not resistant to jet blast or 
traffic abrasion. Concentrated jet blast will strip thin surface treatments 
from the pavement and leave areas vulnerable to infiltration. Further, 
when punctured or cracked, they permit fuel to penetrate the porous 
pavement and the remaining seal prevents evaporation. 


In an attempt to produce an asphaltic concrete pavement resiStant to normal 
usage of jet aircraft, we have extended our investigations of the design and 
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control of asphaltic concrete mixes to produce a dens2 structure with a 
closed-textured surface, smooth and free from visible surface voids. 

Our asphaltic concrete mixes are designed and controlled by the Marshall 
method.’ This method has four basic properties that must be satisfied. They 
are stability, flow, voids total mix, and voids filled with asphalt. The optimum 
asphalt content is determined by averaging the asphalt content required to fall 
within the established limits of these properties. The density and surface 
texture are obtained by a careful control of the aggregate gradation. We 
have found that it is necessary to limit the voids total mix to form 3 to 5 per 
cent with design based on 4 per cent. This density can be obtained by holding 
to a uniform grading of the aggregate from coarse to fine with proper consider- 
ation given to the percentages passing the various screens to conform closely 
to the curve of maximum density. We have also found that the surface texture 
can be held within acceptable limits by controlling the percentage of aggregate 
passing the No. 10 sieve. The following table shows the gradation for two 
surface course mixes that have proven acceptable both as to density and 
surface texture: 


TABLE II 
BITUMINQUS SURFACE COURSES 
(Central Hot Plant Mix) 


Sieve Per Cent by Weight (Passing) 

Designations 

(Sq, Openings) 1° Meximm 3/4" Meximm 
100 
3/48 89-100 100 
78-90 86-100 
69-83 78-90 
No. 4 55-70 60-73 
No. 10 42-56 43-57 
No. 20 30-43 29-43 
No. 40 22-33 19-33 
No. 80 14-22 10-20 
No. 200 3-6 3-6 


A surface course designed by the Marshall method and using the gradations 
shown in this table can be expected to give, with most aggregates, a dense 
pavement with a closed-textured surface. The asphalt contents for these 
gradations have been purposely omitted since the optimum amount is deter- 
mined by the Marshall method, Our experience has been, however, that with 
average aggregates, the percentage by weight of asphalt will run between 5 
per cent and 6 per cent. With porous or absorptive aggregates, the asphalt 
content can be expected to run from 2 to 3 per cent higher. 

Experience has indicated that the Marshall properties to be expected from 
these gradations will be approximately as follows: 

(1) Stability - 1500 Ibs to 2500 lbs, (2) Flow - 0.08 inch to 0.12 inch, 
(3) Voids total mix - 3 per cent to 5 per cent, and (4) Voids filled with as- 
phalt - 75 percent to 82 per cent. 


3. Described in Technical Memorandum No. 3-254 (3 Vols.) entitled, “ Investi- 
gation of the Design and Control of Asphalt Paving Mixtures,” published by 
Waterways Experiment Station, Corps of Engineers, Vicksburg, Miss., May 
1948, and Research Report No. 7-B entitled, “Symposium on Asphalt 
Paving Mixtures,” published by Highway Research Board, June 1949. 
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Porous or absorptive aggregates should be watched carefully in making 
the design calculations. So much of the success of the pavement depends on 
the void ratio that an improper determination of specific gravity of the 
aggregate will cause errors in the essential Marshall properties that will 
unbalance the design and produce a pavement in variance with that expected. 
The Marshall method specifies apparent specific gravity for normal calcu- 
lations, using aggregates having 0.5 per cent or less water absorption. As 
the percentage of absorption increases, the error in calculation increases 
when using this method of determining specific gravity. This is particularly 
true of aggregates having a high percentage of absorption such as slags, 
sandstones, basalts, and similar aggregates. 

We have an investigation nearing completion that has as its objective a 
method of determining the correct specific gravity of aggregates to be used 
in asphaltic concrete design based on the relative water absorptive charac- 
teristics. The specific gravity obtained by this method is termed “Bulk 
Impregnated Specific Gravity.” Pending the completion of this study, we are 
using a rule of thumb method for absorptive aggregates. This is a mean 
between bulk specific gravity and apparent specific gravity. The result 
approaches bulk saturated, surface-dry specific gravity for most absorptive 
aggregates. 

The design of an asphaltic concrete pavement is, of course, only part of 
the job. The construction is equally important in the success of obtaining a 
jet resistant structure. Here again must be emphasized the importance of 
maintaining the void ratio to insure against infiiration of fuel. In construction, 
this can only be accomplished by proper rolling with proper equipment at 
proper temperature and at the proper time. Density cannot be obtained by 
either rolling a cold (or slightly warm) pavement or with equipment too light 
for the job. It is essential that complete control of the mixing and placing to 
be maintained at all times with frequent sampling to see that the requirements 
are being met. We have recently introduced a multiple-wheeled rubber-tire 
roller into our construction procedure in addition to the conventional 3-wheel 
10-ton roller and 10-ton tandem roller. This rubber-tired roller can either 
follow the tandem rolling or come between the 3-wheel roller and the tandem 
roller. It does not appreciably increase the density of the pavement structure 
but serves to iron out the surface irregularities and produce the closed- 
textured surface required for jet airplane use. 

A considerable amount of time and space has been used in this discussion 
which is not strictly appropriate to the subject; namely, “The Effect of Jet 
Aircraft on Airport Pavements.” However, it seems fitting to the subject to 
point out, in connection with the effect that jet aircraft have on pavements, 
how these effects can be minimized or overcome. 


SUMMATION 


1. The degree of the effect of jet aircraft on airfield pavements, both from 
heat and blast and from fuel spillage, is directly related to the character- 
istics of the aircraft. 


2. Portland cement concrete pavements are not affected by jet aircraft 
except for the damage done to the joint sealing material. Certain joint 
sealing materials now being manufactured as “jet-resistant” are affected 
by heat and blast but ure to a large extent resistant to fuel spillage. They 
are generally satisfactory to the operation of most jet aircraft. 


3. Inspection of asphaltic pavements and investigations of the effect of jet 
aircraft on their performance indicate that (a) well designed and well 
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constructed dense-graded hot-mix asphaltic concrete pavements resist 
satisfactorily both the heat and blast and the fuel spillage of most air- 
planes under normal operating conditions, (b) old dense-graded hot-mix 
asphaltic concrete pavements are more resistant to jet fuel spillage than 
newly constructed pavements, and (c) thin surface treatments are not 
satisfactory for sealing porous pavements against fuel spillage. 


ge? 
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